THE  VALUE  OF  SCIENTIFIC  RESEARCH 
TO  THE  STATE. 

BY  VICTOR  C.  VAUGHAN. 


[Reprinted  from  the  Fourth  Report  of  the  Michigan  Academy  of  Science,  1904.] 


22 


MICHIGAN  ACADEMY  OF  SCIENCE. 


>«  •  • 

•  • 

>••••« 


......  •.  • 

T^EVV'&jLtrB'  OF  SCIENTIFIC  RESEARCH  TO  THE  STATE. 


;  BY  VICTOR  C.  VAUGHAN. 

**  ^  i  ••••• 

Members  of  the  Michigan  Academy  of  Science: — Please  permit  me  to 
thank  you  in  the  first  place  for  the  honor  which  you  have  done  me  in 
making  me  President  for  this  year  of  the  Academy.  Every  man  desires 
the  good  will  of  his  neighbors,  and  so  far  as  the  scientific  man  is  con¬ 
cerned,  honors  of  this  kind  make  up  the  larger  part  of  the  recompense 
which  he  receives  for  his  toil.  It  is  especially  pleasant  to  be  honored  at 
home,  by  those  who  best  know  one.  I  thoroughly  appreciate  the  fact  that 
my  predecessors  in  this  position  have  made  it  an  honorable  one,  and  I 
feel  that  you  have  placed  me  in  good  company,  and  I  only  hope  that  I 
may  bear  myself  worthily. 

I  have  decided  to  say  a  few  words  concerning  the  value  of  scientific 
research  to  the  state.  In  order  that  I  may  not  use  words  loosely,  and 
that  I  may  plainly  indicate  my  meaning,  I  will  attempt  a  short  analysis 
of  this  subject.  In  the  first  place,  it  may  very  properly  be  asked,  what 
constitutes  scientific  research.  I  apprehend  by  these  terms  the  acquisition 
of  new  facts.  The  man  who  adds  to  the  sum  total  of  knowledge  possessed 
by  the  race  may  be  said  to  be  an  original  investigator.  The  extent  and  the 
value  of  his  contribution  may  be  small  or  great.  This  is  a  matter  of  sec¬ 
ondary  importance.  The  man  who  pushes  out  and  ascertains  and  estab¬ 
lishes  a  fact  not  hitherto  demonstrated  deserves  a  place  among  research 
students.  The  history  of  mankind  shows  that  our  race  since  its  earliest 
beginnings  has  always  been  hampered  by  ignorance  and  its  constant  ac¬ 
companiments  prejudice  and  superstition.  Civilization  has  progressed 
by  the  slow  and  laborious  process  of  extending  farther  and  farther  the 
limits  of  human  knowledge.  In  every  century  there  have  been  a  few 
whose  labors  have  in  this  way  contributed  to  the  advancement  of  man 
from  the  savage  to  the  civilized  state.  During  some  periods  in  the  history 
of  the  world  the  number  of  those  engaged  in  acquiring  knowledge  and 
advancing  the  bounds  of  civilization  have  been  extremely  small.  These 
are  known  as  the  dark  ages  of  the  world;  when  the  bulk  of  mankind  has 
apparently  receded  rather  than  progressed.  However,  a  close  analysis 
of  the  history  of  any  age  will  show  that  even  during  the  periods  of  the 
most  dense  intellectual  darkness  there  have  always  been  some  who  have 
given  their  lives  to  the  advancement  of  knowledge.  For  the  most  part 
these  have  been  men  of  lowly  position,  whose  work  at  the  time  attracted 
but  little  or  no  attention.  Occasionally  they  have  been  men  of  prom¬ 
inence,  and  the  ideas  advanced  by  them  have  been  rejected  by  their  con¬ 
temporaries,  and  in  some  instances  they  have  met  with  personal  persecu¬ 
tions.  These  are  the  men  who  make  up  the  list  of  martyrs  which  science 
has  furnished  the  world.  There  have  been  occasional  periods  of  great 
brilliancy  when  scientific  investigation  has  been  popular  and  has  met 
with  encouragement  by  those  occupying  high  positions.  Fortunately  for 
us,  we  live  in  one  of  these  brilliant  periods,  when  scientific  investigation 
is  popular,  when  its  benefits  are  felt  and  appreciated  by  many. 

I  have  already  said  that  the  value  and  extent  of  additional  knowledge 
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attained  by  the  labors  of  a  given  man  are  variable  quantities.  As  a  rule 
the  contributions  of  any  one  individual  taken  by  themselves  would  be  of 
but  little  value,  but  when  added  to  the  sum  total  they  may  be  of  the  great¬ 
est  importance.  The  direct  application  that  can  be  made  of  a  scientific 
discovery  is  not  a  correct  measure  of  its  value.  It  often  happens  that  a 
certain  investigation  leads  to  the  discovery  of  a  fact  which  at  the  time 
appears  to  be  wholly  without  value,  but  the  advances  made  in  subsequent 
years  may  convert  the  rough  pebble  dug  from  the  mine,  possibly  centuries 
before,  into  a  most  valuable  jewel.  We  are  therefore  correct  when  we 
say  that  science  should  be  pursued  for  its  own  sake  and  without  any 
reference  to  its  future  utility.  Discovery  must  always  precede  use; 
science  must  live  and  labor  before  art  can  exist ;  pure  science  must  always 
precede  the  application  of  scientific  knowledge. 

A  scientific  man  is  one  who  adds  something  to  the  sum  total  of  knowl¬ 
edge  possessed  by  his  race.  Scientific  research  is  the  process  by  means 
of  which  these  discoveries  are  accomplished.  The  range  of  science  is  un¬ 
limited;  it  embraces  everything  existent;  it  deals  with  both  matter  and 
energy;  it  may  concern  itself  with  the  infinitesimally  small,  or  it  may 
lead  to  investigations  that  carry  ones  thoughts  to  distant  parts  of  the 
universe.  Some  people  say  that  science  is  materialistic  and  the  scientist 
a  materialist.  Such  assertions  are  made  by  those  who  know  not  whereof 
they  speak.  More  than  anyone  else  does  the  scientist  realize  that  there 
are  other  things  in  the  universe  than  matter.  He  knows  that  energy  is 
as  real  as  substance.  He  is  aware  of  the  fact  that  light,  heat,  motion, 
electricity,  and  other  forms  of  energy  are  as  real  as  the  matter  in  which 
or  through  which  they  manifest  themselves.  In  fact,  it  is  the  scientist 
who  measures  energy,  and  it  is  by  means  of  his  discoveries  that  the  won¬ 
derful  applications  of  electricity  and  other  forms  of  energy  have  been 
made  to  the  benefit  of  the  race. 

Having  endeavored  to  explain  what  I  mean  by  scientific  research,  I 
now  desire  to  say  a  few  words  concerning  its  value  to  the  state.  I  shall 
not  attempt  to  measure  the  value  of  scientific  discoveries  in  dollars  and 
cents,  because  I  apprehend  that  there  are  other  values  which  the  mass  of 
mankind  can  appreciate,  and  which  many  at  least  are  wise  enough  to  pre¬ 
fer  to  wealth.  I  think  that  all  will  agree  with  me  when  I  state  that  a 
scientific  discovery  which  reduces  sickness  and  death  and  gives  to  man¬ 
kind  longer  life  and  greater  happiness  is  of  value  to  the  state.  A  dis¬ 
covery  which  lessens  crime  and  empties  our  penal  institutions  is  by  no 
means  without  value.  A  discovery  which  gives  us  grander  conceptions  of 
the  universe,  which  awakens  and  develops  lofty  ideals  and  leads  to 
strength  of  character  and  purity  of  life  is  one,  the  value  of  which  to  man¬ 
kind  cannot  be  placed  upon  a  financial  basis. 

A  few  illustrations  of  the  good  that  has  come  to  man  from  certain 
scientific  discoveries  may  not  be  amiss.  Of  course  I  cannot  go  very  deeply 
into  the  subject  as  I  have  neither  the  time  nor  the  inclination  to  trespass 
upon  your  indulgence  too  greatly. 

Primitive  man  as  he  wandered  over  the  earth,  more  of  a  beast  than  a 
human  being,  saw  many  things  undoubtedly  which  greatly  surprised  and 
in  some  instances  terrified  him.  Probably  nothing  else  had  for  him 
greater  terror  than  the  volcano,  which  his  crude  imagination  and  his  su¬ 
perstitious  theology  believed  to  be  the  opening  into  regions  occupied  by 
demons  and  devils.  If  in  pursuing  his  scarcely  less  savage  game  he  came 
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across  fissures  in  the  earth  from  which  inflammable  gases  issued,  and  if 
he  saw  these  aflame, — as  he  probably  did  around  the  shores  of  the  Cas¬ 
pian  Sea, — great  indeed  must  have  been  his  horror.  These  strange  phe¬ 
nomena  were  not  explainable,  and  centuries  passed  before  he  had  any 
conception  of  their  true  character.  After  a  while  he  discovered  coal  and 
began  to  use  it,  but  century  after  century  passed  before  he  thought  of 
obtaining  an  inflammable  gas  from  this  substance.  In  1726  one.  Dr. 
Stephen  Hales,  made,  so  far  as  we  know,  the  first  attempt  to  submit  coal 
to  distillation  and  to  obtain  and  utilize  the  gases  that  might  be  evolved 
by  this  process.  In  a  communication  to  the  Philosophical  Society  he  tells 
of  his  experiments,  which  apparently  were  made  with  great  scientific  ac¬ 
curacy,  although  on  a  very  small  scale.  He  not  only  distilled  the  coal, 
collected  the  gases,  but  he  determined  the  amount  of  the  gas  that  could 
in  this  way  be  obtained  from  a  given  quantity  of  coal,  and  he  states  that 
from  158  grains  of  coal  he  obtained  180  grains  of  an  inflammable  gas. 
Thirteen  years  later,  or  in  1739,  the  Reverend  John  Clayton  in  a  contribu¬ 
tion  to  the  Royal  Philosophical  Society  detailed  experiments  of  a  similar 
kind  in  which  he  distilled  the  coal  and  collected  the  gases  in  bladders. 
From  this  time  on  for  many  years  the  formation  of  an  inflammable  gas 
by  the  distillation  of  small  quantities  of  coal  was  looked  upon  as  an  in¬ 
teresting  laboratory  experiment,  but  of  no  special  value,  and  it  was  not 
until  the  year  1792  that  Robert  Murdoch  made  his  first  attempts  to  obtain 
coal  gas  in  large  quantities  and  utilize  it  for  illuminating  purposes.  From 
that  time  up  to  the  present,  every  decade  has  seen  some  improvement  in 
the  preparation  or  utilization  of  illuminating  gas.  The  value  of  this  dis¬ 
covery  to  the  world  can  hardly  be  summed  up  in  a  few  words.  In  the 
first  place,  morally  it  has  been  more  effective  than  many  sermons.  Before 
our  cities  were  lighted  at  night  even  the  most  frequented  streets  were 
often  the  scenes  of  all  kinds  of  crimes,  among  which  murder  was  some¬ 
times  included.  Street  illumination  has  done  more  in  policing  cities  than 
could  have  been  accomplished  by  an  army  of  men.  As  the  dark  corners 
have  been  lighted  up  crime  has  disappeared  or  gradually  receded  into 
the  still  darker  recesses.  The  value  of  the  discovery  and  utilization  of 
illuminating  gas  from  an  economic  standpoint  must  amount  to  untold 
billions  of  dollars.  It  has  enabled  commerce  to  be  carried  on  at  night  as 
well  as  by  day.  Illumination  has  permitted  continuous  work  in  manufac¬ 
turing  establishments  of  many  kinds ;  has  given  employment  to  thousands, 
and  the  world  owes  today  a  debt  of  gratitude  to  Hales,  Clayton  and  others 
who  in  the  early  part  of  the  eighteenth  century  were  engaged  in  scientific 
research,  probably  without  ever  dreaming  of  the  great  benefit  which  their 
little  experiments  might  subsequently  confer  upon  humanity. 

In  1849  a  physician  by  the  name  of  Pollender  busied  himself  with 
studying  microscopically  the  blood  of  certain  animals  both  in  health  and 
in  disease.  He  first  made  himself  perfectly  familiar  with  the  appearance 
of  normal  blood,  after  which  he  began  to  observe  the  blood  of  man  and 
animals  wdiile  suffering  from  disease.  In  the  course  of  these  investiga¬ 
tions  he  took  the  blood  from  a  cow  sick  with  anthrax  and  examined  it 
under  his  microscope.  He  observed  minute  rod-like  bodies  which  he  had 
not  found  in  the  blood  of  healthy  cows.  He  repeated  this  observation 
many  times,  carefully  comparing  the  blood  of  sick  animals  with  those 
of  healthy  ones.  Finally  he  concluded  that  these  little  rod-like  bodies 
observed  in  the  blood  of  the  sick  animals  had  something  to  do  with  the 
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disease  from  which  they  suffered,  and  he  presented  to  one  of  the  journals 
of  the  time  a  short  contribution  upon  this  subject.  His  labors  attracted 
but  little  attention  and  that  little  was  for  the  most  part  in  the  form  of 
ridicule.  Some  years  later  Davaine  took  up  the  game  line  of  work  and 
pushed  it  a  little  further.  He  confirmed  Pollender’s  observation  of  the 
presence  of  the  rod-like  bodies  in  the  blood  of  animals  sick  with  anthrax, 
but  closer  study  showed  him  that  these  organisms, — for  such  he  believed 
them  to  be, — were  not  always  present  in  the  earlier  stages  of  the  dis¬ 
ease.  Next  he  ascertained  that  if  he  took  the  blood  containing  these 
rod-like  bodies  and  injected  it  into  a  healthy  animal  the  second  animal 
developed  anthrax,  while  blood  which  did  not  contain  these  organisms 
did  not  transmit  the  disease  to  other  animals.  This  was  an  important 
step  in  advance.  Occasionally  there  had  been  a  physician  who  had 
claimed  that  certain  diseases  must  be  due  to  minute  micro-organisms  or 
germs,  but  no  one  had  ever  seen  anything  of  this  kind,  because  the 
demonstration  of  the  existence  of  germs  had  to  await  the  development  of 
the  compound  microscope.  After  Davaine,  his  work  was  taken  up  by 
Pasteur  and  then  by  Koch  and  a  host  of  others  until  it  has  developed 
into  the  great  science  of  bacteriology.  Now  let  us  stop  for  a  moment, 
look  about  us,  and  see  something  of  the  great  benefits  that  have  come  to 
mankind  from  the  researches  of  Pollender,  Davaine,  Pasteur,  Koch,  and 
others.  Upon  the  discoveries  made  by  these  men  the  whole  science  of  pre¬ 
ventive  medicine  as  it  stands  today  has  been  built.  As  a  result  of  these 
experiments  the  last  fifty  years  has  been  freer  from  eipdemics  than  any 
other  equal  period  in  the  history  of  the  world.  Every  time  we  disinfect 
a  room  after  a  case  of  diphtheria  or  scarlet  fever  we  are  utilizing  that 
knowledge,  the  first  contribution  to  which  was  made  by  the  modest  physi¬ 
cian  Pollender  in  1849.  It  was  this  discovery,  and  the  science  that  has 
been  built  upon  it,  which  enabled  this  nation  in  1892  to  arrest  Asiatic 
Cholera  in  New  York  harbor  and  prevent  its  entrance  and  dissemination 
in  this  country.  These  discoveries  have  developed  the  various  processes 
of  disinfection  now  in  vogue  by  means  of  which  the  spread  of  disease  has 
been  so  greatly  restricted.  They  have  so  changed  methods  of  quarantine 
that  the  name  now  applied  to  the  prevention  of  the  introduction  of  dis¬ 
ease  into  a  community  or  a  country  is  a  misnomer.  In  the  olden  times 
quarantine  meant  forty  days  of  detention,  and  even  with  this,  disease 
was  not  always  arrested,  because  the  germs  lingered  in  the  hair  or  in  the 
clothing  during  the  period  of  quarantine  and  were  subsequently  carried 
ashore  and  disseminated.  Now  quarantine  has  a  wholly  different  mean¬ 
ing.  It  means  a  few  hours  of  detention  with  thorough  disinfection,  and 
when  scientifically  done  it  means  the  certain  restriction  of  disease.  *  We 
can  hardly  estimate  the  great  benefit  that  this  has  been  to  commerce,  and 
the  greater  benefits  that  are  still  likely  to  follow  from  less  prolonged 
detention  and  more  thorough  disinfection.  The  science  of  bacteriology, 
founded  upon  the  simple  experiments  mentioned  above,  has  enabled  man¬ 
kind  to  practically  stamp  out  certain  of  the  infectious  diseases.  For  in¬ 
stance,  typhus  fever,  which  once  contributed  largely  to  the  mortality 
lists  of  every  large  city,  now  is  known  only  in  certain  obscure  and  unclean 
parts  of  the  world.  The  mortality  in  typhoid  fever  has  been  reduced 
from  nearly  thirty  per  cent  to  less  than  ten  per  cent,  while  at  the  same 
time  the  number  of  cases  has  been  decreased  in  still  greater  proportion. 
Under  the  knowledge  which  we  have  gained  by  the  study  of  the  causal 
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relation  of  bacteria  to  disease,  and  which  had  the  small  beginnings 
already  referred  to,  even  tuberculosis,  the  great  white  plague,  is  grad¬ 
ually  diminishing  in  virulence,  the  number  of  cases  is  decreasing,  the 
death  rate  is  diminishing,  and  if  man  continues  to  apply  the  rules  for  its 
restriction  which  he  has  already  devised,  not  more  than  a  century  or  two 
at  most  will  pass  until  this  disease  will  be  known  no  more.  Twenty 
years  ago  there  were  wild  hypotheses  and  vague  conjectures  concerning 
the  causation  of  certain  diseases  which  greatly  increased  infantile  mor¬ 
tality.  Man  looked  for  the  cause  of  these  diseases  in  the  sun  spots,  he 
listened  for  it  in  the  winds,  he  dug  for  it  in  the  earth,  he  searched  for 
it  in  the  water,  but  bacteriological  study  has  shown  him  that  the  great 
cause  of  cholera  infantum  and  kindred  diseases  lies  in  milk  which  be¬ 
comes  poisonous  on  account  of  bacterial  invasion  and  the  elaboration  of 
toxins.  Already  it  is  estimated  that  of  children  sick  with  this  disease, 
thirty  more  out  of  every  hundred  are  saved  now  than  was  formerly  pos¬ 
sible.  In  other  words,  the  per  cent  of  recoveries  has  been  increased  from 
fifty  per  cent  to  eighty  per  cent,  and  at  the  same  time  the  number  of 
cases  of  illness  has  been  greatly  reduced, — we  cannot  say  just  in  what 
proportion.  These  are  some  of  the  advantages  that  have  come  to  man¬ 
kind  from  scientific  research.  Disease  has  been  lessened,  death  has  been 
delayed,  health  land  happiness  have  been  multiplied.  Are  these  not  things 
of  value  to  the  state?  Not  only  have  all  these  things  been  accomplished, 
but  possibly  still  greater  good  is  to  be  found  in  the  physical  betterment 
of  those  who  have  not  been  ill. 

This  same  science  of  bacteriology  has  enabled  us  not  only  to  limit  the 
spread  of  the  infectious  diseases,  but  it  has  given  us  the  most  brilliant 
results  ever  attained  in  the  cure  of  disease.  It  has  largely  robbed  diph¬ 
theria  of  its  horrors  and  has  reduced  the  mortality  from  this  disease 
from  over  fifty  per  cent  to  less  than  five  per  cent  in  cases  in  which 
antitoxin  is  used  immediately  on  the  appearance  of  the  disease.  This  is 
a  triumph  in  curative  medicine  which  the  most  sanguine  and  visionary 
man  of  even  ten  years  ago  could  scarcely  have  expected.  The  same  science 
has  given  us  a  means  of  combatting  that  rare  but  distressing  disease 
known  as  hydrophobia,  and  of  preventing  the  same.  Who  can  say  that 
the  world  has  not  been  benefited  by  the  labors  of  the  pioneers  in  bacte¬ 
riology?  Who  can  overestimate  the  discoveries  of  Pollender  and  Da- 
vaine,  which  to  their  contemporaries  seemed  to  be  at  most  of  only  trifling 
importance?  Who  can  foretell  the  benefits  that  may  come  to  mankind 
from  what  appears  to  be  a  trifling  scientific  discovery? 

The  bacteriologist  has  not  confined  his  labors  to  the  study  of  those 
microorganisms  which  cause  disease,  but  he  has  gone  farther  and  has 
shown  that  some  of  these  minute  forms  of  life  which  we  call  germs  are 
capable  of  rendering  great  service  to  mankind.  Only  a  few  years  ago  it 
was  believed  by  many  scientists  that  the  amount  of  combined  nitrogen 
in  the  world  is  constantly  decreasing,  and  that  neither  plants  nor  animals 
are  capable  of  utilizing  the  free  nitrogen  in  the  air.  It  was  therefore 
supposed  to  be  a  necessary  conclusion  that  life  on  this  planet  must  cease 
as  soon  as  all  the  combined  nitrogen  is  used  up.  It  was  stated  that  the 
explosion  of  every  ounce  of  gunpowder,  whether  the  projectile  which  it 
carried  struck  a  living  object  or  not,  carried  death  with  it,  inasmuch  as  it 
lessened  the  sum  total  of  combined  nitrogen  in  existence.  The  bacte¬ 
riologist  by  his  investigations  has  shown  that  this  state  of  affairs  is  not 
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so  bad  as  was  once  believed.  He  has  demonstrated  that  there  are  certain 
microorganisms  growing  on  the  roots  of  certain  plants,  and  that  by  the 
combined  action  of  the  germ  and  the  plant  free  nitrogen  may  be  taken 
from  the  air  and  utilized  in  building  up  plant  tissue  or  in  other  words, 
that  it  may  be  changed  from  the  free  to  the  combined  form,  and  when 
thus  changed  it  may  subsequently  be  used  for  food  by  either  plants  or 
animals.  This  is  what  is  known  as  the  process  or  function  of  fixing 
nitrogen,  and  it  depends  upon  the  combined  action  between  certain  germs 
and  leguminous  plants.  About  twenty  years  ago  it  was  quite  conclu¬ 
sively  shown  that  peas,  beans,  and  other  legumes  when  grown  in  a  soil 
wholly  free  from  nitrogen  were  capable  of  constructing  nitrogenous  com¬ 
pounds  and  building  up  nitrogenous  plant  tissue,  while  the  only  source 
of  the  nitrogen  thus  utilized  was  that  existing  free  in  the  atmosphere. 
At  first  this  view  was  believed  to  be  founded  upon  faulty  observations, 
but  thorough  experimentation  has  shown  that  the  statement  made  above 
is  a  fact.  Then  men  set  about  to  ascertain  the  conditions  under  which 
plants,  and  especially  leguminous  plants  are  able  to  utilize  the  free 
nitrogen  of  the  atmosphere.  These  experiments  were  conducted  by  skilled 
botanists  in  various  parts  of  the  world,  and  now’  after  twenty  years  of 
these  labors  it  can  be  positively  stated  that  the  manner  in  which  legumi¬ 
nous  plants  convert  nitrogen  into  compounds  has  been  discovered.  If 
the  roots  of  a  leguminous  plant  be  studied  they  will  be  found  to  be  dotted 
with  tiny  nodules,  which  are  known  to  the  botanist  as  tubercles,  but 
which,  however,  have  no  relation  to  the  pathological  conditions  known 
to  the  medical  man  under  the  same  name.  These  tubercles  or  swellings 
on  the  roots  of  the  pea  vine  vary  markedly  in  size.  They  may  be  so  small 
that  they  are  barely  discernible  to  the  naked  eye,  and  in  some  instances 
they  have  a  diameter  of  one-sixth  of  an  inch  or  more.  Of  course  the 
existence  of  these  nodules  on  the  roots  of  leguminous  plants  had  been 
long  known,  but  their  function  was  not  understood.  It  was  generally 
believed  that  their  presence  indicated  a  diseased  condition,  but  it  was 
found  that  the  plants  on  the  roots  of  which  they  developed  most  abun¬ 
dantly  thrived  most  vigorously.  I  shall  not  attempt  before  this  audience, 
in  which  there  are  many  who  know  more  about  this  subject  than  I  do,  to 
go  into  detail  concerning  the  relation  of  these  tubercles  to  the  fixation 
of  nitrogen  by  leguminous  plants.  Suffice  it  to  say  that  experimentation 
has  shown  that  these  nodules  do  not  form  on  the  roots  of  plants  grown  in 
sterilized  soils,  and  that  under  the  same  conditions  such  plants  take  up 
no  nitrogen  from  the  atmosphere.  Next  it  was  found  that  if  leguminous 
seeds  were  planted  in  sterilized  soil,  devoid  of  nitrogenous  food,  and  were 
watered  with  an  infusion  of  sterilized  soil,  they  manifested  two  character¬ 
istic  and  peculiar  stages  of  growth.  At  first  the  peas  sprouted  readily 
and  grew  vigorously  for  a  very  short  time,  when  growth  ceased.  This 
period,  which  the  botanist  now  designates  as  the  stage  of  nitrogen  hun¬ 
ger,  was  reached  as  soon  as  the  plant  had  used  up  all  the  combined  nitro¬ 
gen  in  the  seed.  If  at  this  stage  some  of  the  plants  were  watered  only 
with  sterilized  earth  infusions  they  did  not  recover,  but  continued  to 
waste  away  and  finally  died,  while  those  watered  with  non-sterilized  soil 
infusions  soon  began  to  take  on  a  vigorous  growth,  eventually  developed 
into  well  nourished  plants,  and  produced  an  abundant  yield.  Upon  ex¬ 
amining  the  roots  of  these  two  sets  of  plants  it  was  found  that  those 
watered  with  sterilized  soil  infusions  showed  no  tubercles  or  nodules, 
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while  those  watered  with  non-sterilized  soil  infusions  carried  these  tuber¬ 
cles.  These  experiments  quite  naturally  suggested  that  the  tubercles  were 
formed  by  the  agency  of  bacteria,  and  microscopic  and  cultural  studies  , 

confirmed  this  supposition.  Soon  the  characteristic  microorganisms  in 
these  tubercles  were  obtained  in  artificial  culture  media  and  their  causal 
relation  to  the  tubercles  was  proved  by  direct  inoculation  experiments. 

Moreover  peas  were  planted  in  sterilized  soils  and  watered  with  these  cul¬ 
tures.  When  this  was  done  it  was  found  that  tubercles  formed  abun¬ 
dantly  on  the  roots  of  the  plants,  which,  on  account  of  their  ability  to  fix 
nitrogen,  grew  vigorously  and  produced  abundant  crops.  Additional  • 
studies  have  shown  that  these  bacteria,  which  are  quite  widely  distrib¬ 
uted  in  the  soil,  pass  into  the  roots,  forming  the  swelling  or  tubercle  at 
the  place  of  entrance,  penetrate  the  woody  tissue  in  the  form  of  delicate 
filaments,  and  produce  a  mucilaginous  substance  which  permeates  the 
tissues  of  the  plant.  There  has  been  some  discussion  as  to  whether  it  is 
the  bacteria  or  the  plant  which  fixes  the  nitrogen,  but  the  only  conclusion 
which  can  be  justified  by  the  experiments  that  have  already  been  made  is 
that  both  of  these  organisms  are  essential,  both  the  germ  and  the  legumi¬ 
nous  plant  are  necessary,  and  they  must  act  together  in  order  to  take 
free  nitrogen  from  the  air  and  combine  it  into  the  tissues  of  the  plant. 

1  should  state  that  some  experiments  indicate  that  there  is  a  certain 
amount  of  nitrogen  fixation  in  the  green  parts  of  many  plants,  but  this 
is  so  very  small  compared  with  the  large  quantities  fixed  by  the  combined 
action  of  leguminous  plants  and  the  bacteria  that  it  cannot  be  considered 
to  be  of  any  special  importance.  In  this  way  it  will  be  seen  that  there  is 
an  association  between  the  plant  and  the  microorganism  which  is  mutu¬ 
ally  beneficial  to  the  two,  and  which  enables  the  two  working  together  to 
take  free  nitrogen  from  the  atmosphere  and  build  it  up  into  tissue 
which  can  be  subsequently  utilized  for  feeding  other  plants  and  even 
nourishing  animals  as  well.  Some  experiments  indicate  that  there  are 
different  species  of  the  tubercle  organism,  and  that  it  is  necessary  in  order 
to  get  the  best  results  to  bring  together  the  special  legume  and  the  special 
tubercle  bacillus  which  best  work  together. 

It  will  be  seen  from  this  that  bacteriology  has  been  a  benefit  to  the 
world  not  only  by  decreasing  sickness  and  lessening  the  death  rate,  but 
also  by  pointing  out  to  the  farmer  a  way  by  which  he  can  utilize  the  in¬ 
exhaustible  stores  of  free  nitrogen  in  the  atmosphere  as  a  fertilizer  for 
his  soil.  Moreover  it  has  placed  within  the  hands  of  man  the  means  by 
which  under  intelligent  direction  the  abundance  and  vigor  of  life  in  this 
world  can  be  increased.  It  shows  us  how  it  may  be  possible  for  the  arid 
sandy  plain  to  be  converted  into  a  rich  field,  and  how  waste  places  may 
be  fertilized  and  made  to  yield  abundant  food  for  plant  and  animal. 

Just  one  hundred  years  ago  Sir  Humphrey  Davy  in  a  popular  lecture 
before  the  Royal  Institution  used  the  following  words :  “The  progression 
of  physical  science  is  much  more  connected  with  your  prosperity  than  is 
usually  imagined.  You  owe  to  experimental  philosophy  some  of  the  most 
important  and  peculiar  of  your  advantages.  It  is  not  by  foreign  con¬ 
quests  chiefly  that  you  are  to  become  great,  but  by  a  conquest  of  nature 
in  your  own  country.  It  is  not  so  much  by  colonization  that  you  have 
attained  your  prominence  or  wealth,  but  by  the  cultivation  of  the  riches  *„ 

of  your  own  soil.  Why  at  this  moment  are  you  able  to  supply  the  world 
with  a  thousand  articles  of  iron  and  steel  necessary  for  the  purposes  of 
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life?  It  is  by  arts  derived  from  chemistry  and  mechanics  and  founded 
purely  upon  experiments.  Why  is  the  steam  engine  now  carrying  on 
operations  which  formerly  employed  in  painful  and  humiliating  labor 
thousands  of  our  robust  peasantry,  who  are  now  more  no*bly  or  more  use¬ 
fully  serving  their  country  either  with  the  sword  or  with  the  plow?  It 
was  in  consequence  of  experiments  upon  the  nature  of  heat,  and  pure 
physical  investigation.  In  every  part  of  the  world  manufactures  made 
from  the  mere  clay  and  pebbles  of  your  soil  may  be  found,  and  to  what  is 
this  owing?  To  chemical  arts  and  experiments.  You  have  excelled  all 
other  people  in  the  products  of  industry,  but  why?  Because  you  have 
assisted  industry  by  science.  Do  not  regard  as  indifferent  what  is  your 
true  and  greatest  glory.  Except  in  these  respects  and  in  the  light  of  a 
pure  system  of  faith,  in  what  are  you  superior  to  Athens  or  to  Rome? 
Do  you  carry  away  from  them  the  palm  in  literature  and  the  fine  arts? 
Do  you  not  rather  glory,  and  justly  too,  in  being  in  these  respects  their 
imitators?  Is  it  not  demonstrated  by  the  nature  of  your  system  of  pub¬ 
lic  education  and  by  your  popular  amusements?  In  what  then  are  you 
their  superiors?  In  everything  connected  with/ physical  science,  with 
the  experimental  arts.  These  are  your  characteristics.  Do  not  neglect 
them.  You  have  a  Newton  who  is  the  glory  not  only  of  your  own  country, 
but  of  the  human  race.  You  have  a  Bacon  whose  precepts  may  still  be 
attended  to  with  advantage.  Shall  Englishmen  slumber  in  that  path 
which  these  great  men  have  opened,  and  be  overtaken  by  their  neighbors? 
Say  rather  that  all  assistance  shall  be  given  to  their  efforts;  that  they 
shall  be  attended  to,  encouraged  and  supported.”  These  words  spoken 
by  one  of  the  greatest  philosophers  of  England  might  with  scarcely  a 
change  in  a  sentence  be  addressed  to  the  American  people  today.  If 
this  nation  has  become  a  world  power  it  owes  its  position  to  the  fact 
that  by  scientific  means  it  has  developed  its  internal  resources,  and  if  the 
time  ever  comes  when  it  shall  discourage  science  it  will  lose  the  proud 
position  which  it  now  occupies. 

I  must  be  permitted  to  take  the  time  to  bring  before  you  one  or  two 
additional  examples  of  the  great  benefit  that  the  world  has  derived  from 
scientific  discoveries  which  at  the  time  they  were  made  were  regarded  as 
being  possessed  of  but  little  importance.  The  question,  What  is  the  use 
of  scientific  work?  is  an  old  one.  Benjamin  Franklin  answered  this  ques¬ 
tion  in  his  characteristic  way  by  asking  what  is  the  use  of  a  baby.  What 
can  it  do?  Let  it  grow  into  something  and  then  see.  It  has  been  fre¬ 
quently  said  that  the  life  of  Michael  Farady  was  that  of  a  pure  scientist. 
He  loved  science  for  its  own  sake,  and  he  seemed  to  care  but  little  about 
any  practical  uses  that  might  be  made  of  his  discoveries,  yet  as  Tyndall, 
Gladstone  and  others  have  shown,  a  great  many  of  Farady’s  discoveries 
have  been  applied  to  practical  uses  with  great  benefit  to  mankind.  He 
discovered  benzene,  which  later,  as  we  all  know,  became  the  kernel  of 
organic  chemistry.  This  was  converted,  as  Gladstone  has  pointed  out. 
into  nitrobenzol.  a  gift  to  the  confectioner  and  the  perfumer.  Through 
the  labors  of  Hofmann  all  of  the  anilin  dyes  with  their  brilliant  colors 
on  fibres  of  all  kinds  have  resulted  from  Farady’s  discovery  of  benzene. 
Sir  William  Thompson  utilized  the  new  property  of  matter  discovered 
by  Farady,  and  designated  by  him  as  “specific  inductive  capacity,”  in 
determining  the  dimensions  of  submarine  cables,  and  it  is  said  that  when 
Cyrus  Field  was  projecting  the  Atlantic  cable  he  went  to  Farady,  talked 
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the  matter  over  with  him,  secured  the  interest  of  the  philosopher,  asked 
him  some  questions,  and  Farady  requested  that  some  time  be  given  him 
in  order  that  he  might  correctly  answer  them.  When  Field  returned 
Farady  said  to  him :  “It  can  be  done,  but  you  will  not  get  an  instantane¬ 
ous  message.”  “How  long  will  it  take,”  asked  Mr.  Field.  “Perhaps  a 
second,”  responded  Mr.  Farady.  The  magneto  electric  light,  which  was 
one  of  Farady’s  discoveries,  has  for  years  been  utilized  in  lighthouses 
and  has  been  designated  as  “Sentinels  of  peaceful  progress.” 

I  have  often  wondered  what  must  have  been  Farady’s  feelings  when 
as  a  member  of  the  committee  appointed  by  the  lighthouse  board  of 
England  he  was  called  upon  to  pass  judgment  upon  the  utility  of  his  own 
discovery,  which  had  been  adapted  to  practical  ends  by  Holmes.  His 
report  shows  that  he  still  carried  with  him  the  spirit  of  scientific  caution 
which  characterized  all  his  works.  I  must  be  permitted  to  make  the  fol¬ 
lowing  quotation,  which  shows  his  cautious  spirit  most  admirably.  He 
states:  “The  light  is  so  intense,  so  abundant,  so  concentrated  and  focal, 
so  free  from  under-shadows  (caused  in  the  common  lamp  by  the  burner), 
so  free  from  flickering  that  one  cannot  but  desire  it  should  succeed ;  but 
it  would  require  very  careful  progressive  introduction, — men  with  pecu¬ 
liar  knowledge  and  skill  to  attend  it,  and  the  means  of  instantaneously 
substituting  one  lamp  for  another  in  case  of  accident.  The  common  lamp 
is  so  simple  both  in  principle  and  practice  that  its  liability  to  failure  is 
very  small.  There  is  no  doubt  that  the  magneto  electric  lamp  involves  a 
great  number  of  circumstances  tending  to  make  its  application  more  re¬ 
fined  and  delicate;  but  I  would  feign  hope  that  none  of  these  would 
prove  a  barrier  to  its  introduction.  Nevertheless  it  must  pass  into  prac¬ 
tice  only  through  the  ordeal  of  a  full  searching  and  prolonged  trial.” 

We  are  all  aware  of  the  great  benefit  which  the  discovery  of  vaccination 
for  smallpox  by  Edward  Jenner  has  been  to  the  world,  but  possibly  few 
of  us  know  that  nearly  twenty-five  years  of  most  patient  and  careful  in¬ 
vestigation  preceded  this  discovery.  The  researches  of  Count  Rumford 
which  led  to  the  subsequent  discovery  of  the  mechanical  equivalent  of 
heat  by  Joule  is  another  illustration  of  the  great  benefit  that  pure  science 
has  been  to  the  world.  Dalton’s  law  of  definite  and  multiple  proportions, 
and  Avogadro’s  statement  that  under  the  same  conditions  of  heat  and 
pressure  equal  volumes  of  all  substances  both  simple  and  combined  in 
the  gaseous  state  contain  the  same  number  of  molecules,  have  made  of 
modern  chemistry  a  science  no  less  exact  than  that  of  mathematics;  or, 
in  other  words,  they  have  resulted  in  the  application  of  mathematical 
exactness  to  the  study  of  chemistry.  I  would  not  have  you  understand 
from  the  statements  that  I  have  made  that  I  would  restrict  scientific 
investigation  to  the  physical,  chemical,  and  biological  studies.  As  I  have 
already  stated,  scientific  research  may  concern  itself  with  any  depart¬ 
ment  of  human  knowledge,  and  certainly  some  of  the  discoveries  which 
have  been  of  great  force  in  improving  the  condition  of  mankind  lie  out¬ 
side  of  the  physical  and  biological  sciences.  The  comparative  study  of 
the  Aryan  languages,  inaugurated  by  Bott  in  1816,  has  given  us  greater 
knowledge  of  the  development  of  the  most  important  branch  of  the  human 
family  than  we  could  have  obtained  in  any  other  way.  Likewise  the 
comparative  method  of  investigating  social  customs  and  human  institu¬ 
tions  has  shown  us  how  the  different  groups  of  mankind  in  various  parts 
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of  the  world  have  slowly  developed  intellectually  and  morally  as  well  as 
physically. 

As  I  have  already  stated,  we  must  not  be  impatient  because  scientific 
discoveries  do  not  always  lend  themselves  to  immediate  use.  It  may  be 
said  that  these  discoveries  are  gems  dug  from  the  earth  by  one  generation, 
cut  and  polished  by  the  next,  and  used  to  adorn  the  third.  During  the 
past  hundred  years  the  world  has  just  begun  to  apply  the  most  brilliant 
and  most  important  scientific  discoveries. 

I  want  to  say  a  few  words  concerning  the  conditions  which  are  favor¬ 
able  to  the  advancement  of  scientific  work,  and  first  I  may  be  permitted 
to  say  just  a  few  things  concerning  the  scientific  investigator  himself. 
It  is  sometimes  stated  that  the  research  man  is  born,  not  made.  This  is 
of  course  true,  both  literally  and  metaphorically,  but  by  implication  it 
means  too  much.  We  know  not  how  many  men  who  might  have  made 
great  discoveries  in  science  have  been  born  but  failed  to  benefit  the  world 
on  account  of  lack  of  opportunities.  The  existence  of  the  proper  indi¬ 
vidual  is  only  one  of  the  factors  in  the  production  of  a  scientist.  He  must 
have  the  opportunity,  and  without  it  he  is  practically  helpless,  or  at  least 
the  scope  of  his  work  is  limited,  and  his  strength  is  fettered.  Is  it  at  all 
likely  that  the  brilliant  but  somewhat  erratic  young  Welchman  who  after¬ 
wards  developed  into  Sir  Humphrey  Davy  would  have  made  the  discov¬ 
eries  that  he  did  had  it  not  been  that  the  Royal  Institution  offered  him 
the  facilities.  It  is  not  likely  that  the  unassuming,  modest  Michael 
Farady,  the  son  of  a  blacksmith,  and  himself  an  apprentice  of 
a  bookbinder,  would  have  made  the  wonderful  discoveries  that  he  did 
both  in  physics  and  in  chemistry  had  it  not  been  that  the  opportunities 
for  doing  so  were  supplied  him  by  the  same  institution.  Is  it  not  true 
that  the  spirit  which  led  to  the  formation  of  the  Royal  Institution  in  the 
last  year  of  the  eighteenth  century  was  necessary  for  the  development  of 
such  men  as  Davy,  Farady,  Dalton,  Darwin,  Tyndall,  Huxley,  and  Spen¬ 
cer.  No  man  can  become  a  skilled  workman  unless  he  has  the  tools  to 
work  with.  No  man,  however  great  his  genius,  can  do  scientific  work 
unless  he  has  time  and  opportunity.  A  scientific  man  must  have  the 
wherewithal  to  support  life.  He  must  be  free  from  the  necessity  of 
looking  for  the  practical  ends.  On  this  point  please  permit  me  to  quote 
again  from  Sir  Humphrey  Davy.  He  states :  “Without  facilities  for  pur¬ 
suing  his  object,  the  greatest  genius  in  experimental  research  may  live 
and  die  useless  and  unknown.  Talents  of  this  kind  cannot  like  talents 
for  literature  and  the  fine  arts  call  forth  attention  and  respect.  They 
can  neither  give  popularity  to  the  names  of  patrons  nor  ornament  their 
houses.  They  are  limited  in  their  effects,  which  are  directed  toward  the 
immutable  interests  of  society.  They  cannot  be  made  subservient  to  fash¬ 
ion  or  caprice;  they  must  forever  be  attached  to  truth  and  belong  to 
nature.  If  we  merely  consider  instruction  in  physical  science,  this  even 
requires  an  expensive  apparatus  to  be  efficient ;  for  without  proper  ocular 
demonstrations,  all  lectures  must  be  unavailing, — things  rather  than 
words  should  be  made  the  objects  of  study.  A  certain  knowledge  of  the 
beings  and  substances  surrounding  us  must  be  felt  as  a  want  by  every 
cultivated  mind.  It  is  a  want  which  no  activity  of  thought,  no  books,  no 
course  of  reading  or  conversation  can  supply.  *  *  *  To  attempt  with 

insufficient  means  to  support  philosophy  is  merely  to  humiliate  her  and 
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render  her  an  object  of  derision.  Those  who  establish  foundations  for 
teaching  the  sciences  ought  at  least  to  understand  their  dignity.  To  con¬ 
nect  pecuniary  speculation  or  commercial  advantages  with  schemes  for 
promoting  the  progress  of  knowledge  is  to  take  crops  without  employing 
manure;  is  to  create  sterility  and  destroy  improvement.  A  scientific  in¬ 
stitution  ought  no  more  to  be  made  an  object  of  profit  than  a  hospital  or 
a  charitable  establishment.  Intellectual  wants  are  at  least  as  worthy  of 
support  as  corporeal  wants,  and  they  ought  to  be  provided  for  with 
the  same  feeling  of  nobleness  and  liberality.  The  language  expected  by 
the  members  of  a  scientific  body  from  the  directors  ought  not  to  be :  ‘We 
have  increased  your  property.  We  have  raised  the  value  of  your  shares.’ 
It  ought  rather  to  be:  ‘We  have  endeavored  to  apply  your  funds  to  use¬ 
ful  purposes,  to  promote  the  diffusion  of  science,  to  encourage  discovery, 
and  to  exalt  the  scientific  glory  of  your  country.’  ” 

As  I  have  already  stated,  we  are  fortunate  in  living  in  an  age  which 
at  least  partially  appreciates  and  gives  some  support,  although  generally 
inadequate,  to  scientific  research.  The  Royal  Institution  of  England, 
founded  by  the  learned  and  eccentric  American,  Benjamin  Thompson,  or 
Count  Rumford,  has  for  the  last  hundred  years  been  a  great  factor  in 
the  development  of  scientific  knowledge.  It  is  probably  true  that  there 
is  no  other  single  place  in  the  world  where  so  many  great  scientific  dis¬ 
coveries  have  had  their  birth  as  in  the  old  buildings  on  Albermarle  street. 
The  Pasteur  Institute  in  Paris,  now  richly  endowed  and  magnificently 
equipped,  furnishes  opportunities  unsurpassed  anywhere  for  bacteriolog¬ 
ical  research.  Already  the  contributions  made  through  these  institutions 
to  the  progress  of  science  and  the  betterment  of  the  human  race  have 
more  than  justified  the  expenditures  that  have  been  made  in  carrying  on 
the  work.  Indeed,  the  researches  of  Roux  and  Metschnikoff,  to  say  noth¬ 
ing  of  those  of  many  of  their  assistants,  have  given  us  information  by 
means  of  which  many  lives  have  been  saved  and  the  domain  of  human 
knowledge  has  been  greatly  extended.  We  are  still  accustomed  to  look 
upon  Russia  as  a  half  civilized  country,  but  the  appreciation  that  this 
great  vigorous  nation  is  showing  for  scientific  research  is  bound  to  make 
Slavonic  civilization  a  powerful  competitor  in  the  future  history  of  the 
world  with  Anglo-Saxon  culture.  The  laboratories  of  experimental  medi¬ 
cine  grouped  together  on  one  of  the  islands  of  the  Neva  near  St.  Peters¬ 
burg  furnish  probably  the  most  ideal  place  for  scientific  research  now 
existing  in  the  world.  The  government  has  erected  capacious  laboratories, 
has  equipped  them  with  the  latest  and  most  improved  instruments  of  pre¬ 
cision,  and  has  called  to  these  laboratories  its  most  eminent  scientific 
men,  and  has  imposed  upon  them  no  other  task  than  to  search  for  truth 
in  the  biological  sciences.  As  we  all  know,  scientific  research  has  been 
most  warmly  nurtured  for  the  last  fifty  years  in  Germany,  and  this  has 
done  more  for  the  solidification  and  permanence  of  the  German  Empire 
than  has  been  accomplished  by  political  means.  Her  numerous  univer¬ 
sities  are  liberally  supported  by  the  state,  abundantly  supplied  with 
facilities,  and  her  best  men  are  called  to  occupy  her  professorial  posi¬ 
tions.  Not  only  has  this  been  done,  but  the  Kingdom  of  Prussia  alone 
has  built  at  Charlottenberg  at  a  cost  of  twenty-one  millions  of  marks  a 
great  polytechnicum  in  which  eminent  physicists  and  chemists  devote 
their  lives  to  the  pursuit  of  knowledge.  In  emulation  of  Paris,  Berlin 
has  the  new  Institute,  turned  over  to  Koch  for  his  researches  along  medi- 
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cal  lines,  and  the  Imperial  Government  has  established  at  Frankfort  a 
laboratory  of  research  which  is  under  the  direction  of  Ehrlich,  who  is 
probably  the  most  gifted  man  in  physiological  work  now  living.  There 
are  indications  that  some  of  the  wealthy  men  in  our  own  country  are 
beginning  to  appreciate  the  great  value  of  scientific  research.  The  recent 
establishment  of  the  Rockefeller  Institute,  and  the  still  more  recent  gift 
of  Mr.  Carnegie  for  research  work,  are  illustrations  along  this  line.  The 
United  States  government  has  sustained  certain  lines  of  research  which 
have  been  very  creditable  but  it  must  be  admitted  that  political  influences 
have  had  more  to  do  with  the  establishment  of  the  scientific  bureaus  at 
Washington  than  love  of  science  itself.  While  a  great  deal  of  valuable 
work  has  been  done  in  the  bureau  of  animal  industry,  and  in  other  de¬ 
partments,  notably  at  the  Smithsonian,  the  object  had  in  view  in  estab¬ 
lishing  and  maintaining  these  laboratories  has  been  more  directly  for  the 
purpose  of  securing  votes  than  it  has  with  any  full  appreciation  of  the 
value  of  scientific  discovery.  However,  I  do  not  desire  to  pose  as  a  critic 
of  my  own  country  or  as  one  who  always  sees  things  to  admire  abroad 
and  things  to  condemn  at  home,  and  I  believe  that  the  future  for  scientific 
research  in  this  country  is  as  bright  as  that  in  any  other  part  of  the 
world.  If  we  are  to  continue  to  move  ahead,  this  must  be  true.  Even  if 
we  have  no  higher  aim  than  that  of  commercial  supremacy,  which  this 
nation  seems  to  be  fast  acquiring,  we  must  encourage  scientific  research. 
There  are  many  problems  in  applied  science,  the  solution  of  which  must 
be  demanded  very  soon.  Some  of  these  may  be  briefly  mentioned.  Our 
dairy  products  are  known  to  be  inferior  to  those  of  certain  other 
countries, — notably  Denmark.  This  is  largely,  if  not  altogether  due  to 
the  fact  that  in  Denmark  cream  is  always  pasteurized,  and  is  then  inocu¬ 
lated  with  a  culture  of  germs  which  have  been  found  to  give  the  best 
flavor.  This  of  course  tells  largely  in  butter  making.  The  ripening  of 
cream  is  due  to  the  growth  of  germs  and  every  cubic  centimeter  of 
ripened  cream  contains  an  average  of  about  four  hundred  millions  of 
bacteria.  At  present  in  this  country  the  kind  of  germs  present  depends 
upon  the  accidental  contaminations  of  the  various  barnyards  in  which 
the  milk  is  gathered,  and  of  course  no  uniform  result  is  obtained.  In 
Denmark  the  law  makes  it  obligatory  upon  every  maker  of  butter  to 
pasteurize  the  cream  by  heating  it  to  a  temperature  of  70°-72°  and  then 
allowing  to  cool.  This  destroys  all  the  germs  present,  and  then  the  cream 
is  inoculated  with  cultures  of  those  germs  which  have  been  found  by 
experience  to  be  beneficial.  The  pasteurization  of  all  milk  which  goes  to 
a  creamery  in  Denmark  has  the  advantage  not  only  of  securing  for 
Danish  butter  several  cents  a  pound  more  in  the  English  markets,  but 
also  of  destroying  the  tubercle  bacillus,  which  may  be  present.  Steril¬ 
ization  and  subsequent  inoculation  with  pure  cultures  gives  a  butter 
which  is  uniformly  good.  It  is  true  that  in  this  country  pure  cultures, 
known  as  starters,  have  been  employed  to  some  extent,  but  as  a  rule  these 
cultures  are  added  to  unsterilized  cream.  In  other  words,  they  are  mixed 
in  with  the  germs  that  are  already  growing  in  the  cream.  After  this,  it 
depends  upon  accident  which  will  crowd  the  other  out  of  existence.  We 
need  a  more  thorough  study  of  the  bacteriology  of  cheese,  be¬ 
cause  the  flavor  of  this  very  valuable  article  of  diet  is  largely  dependent 
upon  the  bacteria  and  molds  present.  There  is  also  room  for  improve¬ 
ment  in  many  other  food  articles  which  we  export.  There  is  opportunity 
for  most  excellent  work  to  be  done  upon  the  blending  of  wheats  in  order 
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to  secure  a  flour  that  will  make  the  best  bread.  We  have  vast  areas  of 
practically  sterile  lands  which  under  the  influence  of  scientific  agri¬ 
culture  might  be  made  to  support  a  large  population.  The  question  of 
the  disposal  of  sewage  is  an  important  one.  Ordinarily  it  is  thrown 
into  rivers  or  other  watercourses,  and  pollutes  our  streams,  serves  as  a 
means  of  spreading  disease,  and  robs  our  soil  of  its  most  valuable  con¬ 
stituents.  Some  experiments  have  been  made  already  upon  a  small  scale 
and  seem  to  indicate  that  certain  bacteria  may  be  used  for  the  purpose 
of  converting  the  organic  matter  in  sewage  and  garbage  into  nitrates  and 
nitrites  which  might  be  again  used  in  fertilizing  the  soil.  A  proper  solu¬ 
tion  of  this  question  will  lead  not  only  to  the  prevention  of  such  water 
borne  diseases  as  typhoid  fever,  but  must  add  greatly  to  the  productive¬ 
ness  of  our  soil.  We  need  improved  methods  of  making  artificial  stone 
and  similar  building  material.  We  have  grea/t  beds  of  marl,  but  at 
present  the  demand  for  this  material  is  somewhat  limited,  and  I  have  no 
doubt  that  the  time  will  come  when  this  substance  will  be  put  to  uses 
much  more  important  than  any  in  the  past.  There  are  many  other  prob¬ 
lems  awaiting  solution  but  time  will  not  permit  me  to  discuss  them. 
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